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Description 



HIGH CAPACITY SECTORIZED CELLULAR COMMUNICATION SYSTEM 



Field of the Invention 

me present invention relates generally to radio 
frequency (RF) communication systems, and, more 
particularly, to sector-transmit and sector-receive 
cellular communication systems. 



paths in which cellular communication is required at 
low cost and over long and narrow geographic 
5 zones, for example, along highways or train tracks 
There is therefore a need for a cellular radiotele- 
phone system which overcomes these deficiencies 



Description of the Prior Art w 

Mobile radiotelephone service has been in use for 
some time and traditionally has been characterized 
by a central site transmitting with high power to a 
limited number of mobile or portable units in a large 
geographic area. Mobile or portable transmissions 15 
due to their lower transmission power, were gener- 
ally received in previous systems by a network of 
receivers remotely located from the central site and 
received transmission was subsequently returned to 
the central site for processing. In previous systems 20 
only a limited number of radio channels were 
available, thus limiting the number of radiotelephone 
conversations in an entire city to the limited number 
of channels available. 

Modern cellular radiotelephone systems have a 25 
comparatively large number of available radio chan- 
nels which can be effectively multiplied by reuse of 
the channels in a metropolitan area by dividing the 
radio coverage area into smaller coverage areas 
(cells) using low power transmitters and coverage 30 
restricted receivers. Such cellular systems are 
further described in U.S. Patent Numbers 3 90S 166 
4.485,486. and 4,549,311, each assigned to' the 
assignee of the present invention. 

Some of the more spectrally efficient celiuiar 35 
radiotelephone systems employ center illumination 
m which each cell is subdivided Into sectors The 
sectors are illuminated by directional antennas. Each 
sector is provided with a number of dedicated voice 
channels. Such a system is described in U.S. Pat 40 
Nos. 4,128.740 and 4,696,027, each assigned to the 
assignee of the present invention. The sectors are 
used to substantially eliminate interference from 
adjacent co-channels. 

Unfortunately, the known spectrally efficient cellu- 45 
lar radiotelephone systems cannot provide sufficient 
channel capacity to accommodate the ever-increas- 
ing demands of a cellular operation. Consider a 
relatively large cell wherein each sector covers a 
large geographic area. An aggregation of sub- 50 
scnbers in a given sector can readily occupy every 
available voice channel available in that sector. 

There has. however, been system development to 
overcome this problem. One particular system as is 
described in U.S. Pat. No. 4,144.411, subdivides 55 
each cell into subcells which operate simultaneously 
on independent and noninterferring voice channels 
Although this implementation has proven quite 
useful for increasing channel capacity in each cell ft 
is rather expensive to implement due to the duplicity 60 
of base site equipment that is required. 

Further, none of the above discussed techniques 
accommodate narrow and long communication 



Objects and Summary of the Present Inven tion 

rt « a geneial object ot the present invention to 
provide a cellular radiotelephone system which 
overcomes the aforementioned deficiencies 

It is a more particular object of the present 
invention to provide a sectorized cellular radiotele- 
phone system which dynamically assigns voice 
channels in a ceil according to communication 
demands within each sector and which optimizes 
the quality and the efficiency of the available 
channels in a cell. 

It is another object of the present invention to 
provide such a system which provides flexible voice 
channel assignments along a narrow and lona 
communication path. 

The present invention may best be described in 
terms of a preferred embodimented wherein a 
cellular radiotelephone communication system em- 
ploys base site equipment for communicating with 
subscriber units in a plurality of regions including at 
least two sectorized regions. The sectorized regions 
form at least part of a geographic communication 
area served by the base site equipment The 
operation of the base site equipment is controlled by 
a base site controller which assigns at least one 
floating communication channel for communication 
between the base site equipment and a subscriber 
unit at at least two of the plurality of regions. 

In another aspect of the present invention the 
base site equipment includes an omni-directional 
antenna for serving a region which encompasses 
geographic areas which would otherwise be inac- 
cessable to the subscriber unit. Such an area is 
illustrated in Fig. 6. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of a conventional 
center illuminated sector radiotelephone com- 
munication system. 

Fig. 2 is a more detailed block diagram of cell 
site equipment which may be used by the 
system illustrated in Fig. 1, according to the 
present invention. 

Fig. 3 is diagram of an RF switch employable 
by the the system illustrated in Fig. 2, accordinq 
to the present invention. 

Figs. 4a. 4b and 4b comprise diagrams of 
equipment employed at the sectors in the 
system illustrated in Fig. 2, according to the 
present invention. 

Fig. 5 is flow chart useful for operating the 
system illustrated in Rg. 2, according to the 
present invention. 

Fig. 6 is a detailed block diagram of cell site 
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equipment which is similar to the equipment 

! RB - 2 but to accomodate 

narrow communication regions. 



~ I ■ . Descr,Ptl °" nf th ° p "* »red Embodiment 

celluter radiotelephone communications system of 
he type which may particularly benefit from the 
.nvent.cn herein described. Such a ce lute? cl- 

fatentT 8 ^ " ftJrth » described in S.S 
Patent Numbers 3,663,762. 3,906.166; in an ex- 
penmental cellular radiotelephone system aprtiS- 
hon wrth the Federal Communication? SnSton 

See .nf ° ,a r? AmeriCan R^io-TeteSe ser- 
v,ce, Inc in February 1977; and more recently in a 
system described entitled -Motorola DYNATAC 

£l R . adi0 cf° ne SyStem '- Pushed by 
U?i T ■ ? C l Schaumbur 9- "Bnois in 1982. Such 
^t S),St r S Pr ° Vide tele P"°ne coverage to both 
mobile and portable radiotelephones located 

£2?".! 8 ' ar9e ***** area. P Xle 
£t„f m P k" 68 may be 0f tne »yP e Ascribed in U.S. 
Patent Numbers 4.486,624; 3.962.553; and 3,906 166 
and each assigned to the assignee of the present 
jnvention; and mobile radiotelephones may be of the 
type desenbed in Motorola instruction manual 
number 68P81039E25. published by MotoroE SeS 

Atth e DUO U h b S aMOnS> Schauml »urg, Illinois * iKl 
Although the present invention will be described 
wrth particularity for the center illuminated sector 
cell system, it is obvious that a person skilled in the 
art may be able to apply the essence of the present 
.nvent.on to other types of sectorized ceS 
configurations. 

As illustrated in Rg. 1, the geographical area is 
subdivided into cells 102. 104 andT^ich are 
■Hummated with radio frequency energy from fixed 

XL^*? V6rS 108> 110> and 112 ' res Pectively. The 
fixed srte ransceivers may be controlled by base 
site controllers 1 14. 1 1 6 and 1 18 as illustrated These 
base site controllers are each coupled by data and 
voice hnks to a radiotelephone control teLrS S 
which may be similar to the terminals described in 
^f: n / aXm Numbers 3.663,762; 3 764 915- 
3^9 872; 3,906.166; and 4.268.722. Tnese S and ' 
vo ce l.nks may be provided by dedicated wire lines 
putee code modulated carrier lines, microwave radio 
channels, or other suitable communication links 
Control terminal 120 is. in turn, coupled to the 
switched telephone network via a conventional 
telephone central office 122 for completing calls 

ssr jsss - portab,e radiote,e ^ - 

For a more detail discussion of the system 

connected to the sector antennas as shown * F?g J 
Each sector antenna is fed by a multicoupler (for 
example, R X multicoupler 202) to the nrtmlZ 
transceiver equipment idJS to^pffiff 
sector! or example, transceiver 204) andtobothihe 

™p\ SeCt °- ^ete* equipment (for 
example, transceivers 206 for sector 6 and transcei- 



208 n^Jl t0fS 2) - ^ ^^eivers 204. 206 or 
208 provide communication for voice cha^nX 
wruch are .ndicated for use at the assodLd sec to r 
J add,t,on, each sector antenna is coupled to a 
5 signailmg rece.ver allowing the signalling receLr to 
have access to all six sector antennas The tranTmL 
ters .(e.g., transmitter 212, 

equ.pment are coupled to the sect^7ntenna?^ 
respechve combiners 282, and duplexers T 
10 duplexer 210). The duplexers m£ be s £ar To 
model ACD-2802-AAMO manufactured by Antenna 

A base site controller 220 is used to control * 

SSLT* ^ WhiCh ^P' 65 - floating See 
channel transceiver 240 to each duplexer 210 £ 
combiner 282. The transceiver 240 is refe^L J 
20 floating voice channel inS^SSS! t° « 
vides. in accordance with the !• p °" 

voice channel which caTfiS b?tweeVS '"as* 
channel requests are made in each sector ill 
receiver portion of the transceiver 240 hTSL * 
* nected (interconnection noT^^i*^ 
ceiver multicouplers 202 in the same «Z 

This floating implementation is particulariy advant 
ageous for rural cellular radiotelephone appBcaSs 
30 wherein each geographical region covered by an 
indrvdual sector can be extended beyond tyokS 
coverage areas. Consider, for examole ■ . 
system according to the present Kntlon Zl 
designed to cover a large rural geographical „U 
35 Each sectored cell would include a pluraliW htah 
ga,n sectonzed antennas, each capable oSsS 
tjng at significantly greater radiated pwwTSJ" 
than present implementation, e.g.. at 500 W»Z 

40 w!!?: J""k 8t ° Urrent ,eve,s wSnSS^w 
40 Watts. Such increases in transmit power can cost 

tionf h e ' y H """P"** by emSoying^onven 
honal high gain sectorized antennas The sianaHi™, 
channel in the inventive system, as well S" f 
cenventional sectorized cell system, empEL „ 
45 omn.-direct.onal antenna, since the gaK "tE 
omn,.d,rect,onal antenna is lower than h j£ oil 

for the signailmg channel in order to match the 
50 ctnnt rad ' ated P ° Wer ,eVe ' S *» each £ - 
A preferred implementation of a floating voice 
channel system is described with reference to 
S 4a ' 4b "d 4c. Figure 3 Includes £52. of 
a floating voice channel targeted for one of sS 
55 sectors of a cell. Figure 3 includes a corSLrSoS 

the 6-IT-2L31 available from DB products pksadena 
Calrfomia. which switch is used in a marnwSSS 

50 tation differs from the Implementation of Rg. \ in that 
the system employs a p,urallty of floating voTce 
channels rather than only one floating voice cruSneT 
The swrtch 310 of Rg. 3 is a repressive sSS for 

« TJ^' C f- Channe ' '°" e such '» utilized for 

« each floating voice channel) that allows the baW s ° e 
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controller to dynamically switch the one associated 
voice channel to any particular sector 

Such dynamic switching is useful, for example 
when a subscriber transits from one sector to 
another. In this instance, the base site controller 

2l«!tJ??\l 0 S r' tCh a floa,in 9 voice cna nnel 
assigned to the subscriber to the next sector. More 
importantly, as previously discussed, this dynamic 
switching provides significant improvement to the 
system in that each available floating voice channel 
can be switched to any sector to service an influx of 
subscribers demanding service thereat. The availa- 
bility of a single floating channel provides a channel 
capacity increase for every sector in a cell. At least in 
part, because radiotelephone calls are relatively brief 
and because communication systems can be de- 
signed such that a request for an additional 
communication channel in a particular geographic 
reg.on is unlikely, the effective channel capTcity 
improvement is significantly greater than what would 
otherwise be achieved by adding additional fixed 
channels in each sector. For example, the effective 
cnannel capacity improvement is illustrated by 
comparing two cells providing substantially identical 
traffic density characteristics (e.g.. using conven- 
tional Eriang unit measurements). The first cell is a 
conventional cell having 6 sectors with 3 dedicated 
channels per sector and having no floating channels 
and the second cell is a cell, designed in accordance 
with the present invention, having 6 sectors with 1 
dedicated channel per sector and having 5 floatinq 
channels employable within the cell. It is readily 
apparent that 18 channels are required for the 
conventional implementation, while only 11 channels 
are required for the inventive implementation. 

For a statistical analysis on the practicability of 
overflow- channels in a general communication 
system, reference may be made to "Practical Traffic 
Engineering of Least Cost Routing Systems - Part 5 
Peaked Traffic: What It Is and When You Should 
Worry About It". Michael T. Hills, Business Com- 
munications Review. July-August, 1983 

One skilled in the art will recognize the need to 
avoid co-channel interference between sectorized 
regions. For example. It Is useful to avoid such 
interference by employing floating channels that 
have ample reuse distance. The orientation of the 
„ I!!^ channe,s is Preferably designed as is 
illustrated and described in U.S. Pat. No 4 128 740 
assigned to the assignee of the present invention.' 

One skilled in the art will further recognize that any 
number of dedicated channels per sector may be 
employed and that any number of floating channels 
per cell may be employed without departing from the 
scope of the present invention. For example, it may 
desirable to employ zero dedicated channels per 
sector and a plurality of floating channels per cell 
v„ EJ \ ' a , 9enera ' block d 'agram of the floating 
voice channel interconnection is illustrated for 
sector 1 of a representative cell. A voice channel 
transmitter 450 is shown coupling a sector dedi- 
cated (or fixed) voice channel. i.e.. a voice channel 
which does not float, to a conventional channel 
combiner 455 Also intercoupled to the combiner 
455 are signal paths 460. 462, 464 and 46S for 



respectively carrying four floating voice channels 
from an RF coaxial switch 310. The combiner 455 
operates conventionally to intercoupie the voice 
channels (paths) to the sector's antenna 458 
s Fig. 4b illustrates a general block diagram of the 
equipment for sector 2 of the representative cell, 
which equipment is essentially identical to the 
equipment illustrated in Fig. 4a. In Fig. 4b. a voice 
channel transmitter 470 is shown coupling another 
70 sector dedicated voice channel to a similar channel 
combiner 475. Coupled to an antenna 478. via the 
combiner 475. are signal paths 480, 482, 484 and 486 
for respectively carrying the same four floating voice 
channels from another RF coaxial switch 310 
cllf " Se 81 S6Ct0r 2 ° f the "tentative 

In more detail than the block diagram of Fiqs 4a 
and 4b and consistent with the equipment of Fig 2 
Fig. 4c illustrates a block diagram of equipment for a 
^presentative sector for such an inventrve system 

S^t ! ^ er !- in « 8 b,0Cks re P res entative of those 
illustrated in Fig. 2: base site controller 220. (voice 
channel) transceiver 240. switch 230. transceivers 
204, duplexer 210. receiver multicoupler 202. and 5 
« ha nnfl combiner 282. representative of the com- 

™ l ,,lus t 1 rated combining the outputs of the switch 
230 the other switches (not shown) and the outputs 

30 pin ^ iT (,ransmitters > 204 to the duplexer 
30 210. Other interconnections are consistent with the 
illustration of Fig. 2. 

Fig. 6 illustrates cell site equipment substantially 
the same as in Fig. 2 but including modifications to 
accommodate narrow communication regions for 
35 example, along highways. The equipment that is 
common to the equipment in both Figs. 2 and 6 
should be apparent from the common terminoloqv 
used therein. Differences between the Figs. 2 and 1 6 
include the omission of cell site equipment associ- 
40 ated with antenna sectors 2. 3. 5 and 6; the addition 
of a conventional omni-directional antenna 612- and 
the associated cell site equipment for the omn'i-an- 
tenna zone 614 (depicted in dotted lines about the 
omnl-antenna 612). 
45 This arrangement of Fig. 6 is preferably used in a 
manner substantially similar to the operation of the 
cell site equipment of Rg. 2. At least one floating 
voice channel is provided through the switch 230 for 
communication in one of the three regions. i.e., one 
so of the two sectorized regions or the omni-antenna 
zone (region). Upon demand, the floating voice 
channel is switched to the region requesting service 
This manner of operation is particularly useful in a 
rural highway or railway application whereat the 
55 sectorized regions are aligned to cover as long a 
portion of the traveled path as possible. 

In either situation, the traveling subscriber enters 
the communication system coverage area at one of 
the two sectorized regions and is assigned either a 
60 fixed channel or a floating channel. If the floatinq 
channel is assigned, the floating channel is prefer- 
ably used throughout the path of travel, e.g from 
antenna sector region 1, to the omni zone and into 

« 1,? an I, enna , Sector region 4 - tf a channel is 
65 originally assigned, the floating channel is preferably 
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used once the subscriber enters the omni-zone and, 
thereafter, used throughout the path of travel. 

This arrangement of Rg. 6 provides significant 
advantages. The omni-zone prevents calls from 
being dropped as a subscriber rapidly crosses -the 5 
sectorized regions. The omni-zone allows communi- 
cation to be maintained while the subscriber is 
physically beneath the communication path of: the 
sector antennas. Additionally, this arrangement 
provides an extremely cost effective implementation 10 
for this type of application. The floating channel 
technique reduces the cost by eliminating the need 
for equipment to accommodate unused channels. 

Fig. 5 illustrates a flow chart useful for operating 
channel assignments in a particular cell for- the 75 
system illustrated in Rg. 2, according to the present 
invention. This flow chart accommodates assign- 
ment operation for both floating voice channels as 
well as fixed (dedicated) voice channels for a cell. 
Modification of this flow chart for the operation of- the 20 
equipment arranged in Rg. 6 should be readily 
apparent. The flow chart begins at block 510 where 
the base site controller is depicted monitoring the 
signalling channel for a subscriber radiotelephone 
call request From block 510, flow proceeds to block 25 
515 where a test is performed by the base site 
controller to determine if a subscriber station has 
requested the use of the voice channel in a sector. If 
not, flow proceeds to block 510. 

If a subscriber station has requested a voice 30 
channel In a particular sector, flow proceeds from 
block 515 to block 520 where another test is 
performed to determine if a fixed channel is available 
in the particular sector. If a fixed channel is available, 
flow proceeds to block 525 where a channel 35 
assignment Is made to the available voice channel. 
From block 525, flow returns to block 510. 

If a fixed channel is not available in a particular 
sector, flow proceeds from block 520 to block 530 
where a test is performed to determine if a floating 40 
channel is available in a particular sector. If a floating 
channel is available, flow proceeds to block 535 
where the base site controller (BSC) controls the 
sector's RF coaxial switch to connect the available 
floating channel to the requesting subscriber sta- 45 
tion. From block 535, flow proceeds to block 540 
where the actual channel assignment is made. Once 
the radiotelephone call terminates on the floating 
channel, depicted by block 540. the base site 
controller disconnects the connection of the floating so 
channel to the particular sector, depicted at block 
550. From block 550, flow returns to block 510. 

From block 530, if a floating channel is not 
available in the particular sector, flow proceeds to 
block 560 where a test is performed to determine if a 55 
fixed channel is available in a sector which is 
adjacent to the particular sector in which a sub- 
scriber station requests a channel. This test illus- 
trated in block 560 is typical (often referred to as 
sector sharing) in conventional sectorized telephone 60 
communication systems when there are no voice 
channels available at the sector from which a 
channel is requested. Thus, if a fixed channel is 
available in an adjacent sector, flow proceeds to 
block 565 where the requesting subscriber station is 65 



assigned a channel from the adjacent sector. From 
block 565, flow returns to block 510. 

If a fixed channel is not available in an adjacent 
sector, flow proceeds from block 560 to block 570 
where the base site controller determines if the 
requesting subscriber can be assigned to a channel 
in an adjacent ceil, preferably to the nearest sector in 
the nearest cell, with respect to the subscriber unit 
This is conventionally accomplished by determining 
if the assignment of a channel from an adjacent cell 
would cause undue cochannel interference in an- 
other cell. More specifically, if the subscriber signal 
strength in the target cell exceeds the system's 
cochannel interference threshold, flow proceeds to 
block 580 where the call request is denied (blocked) 
If the subscriber signal strength is not above the 
threshold, flow proceeds from block 570 to block 
575 where the call is assigned to the adjacent cell 
From block 575. flow returns to block 510 

If the signal strength of the requesting subscriber 
station is above the cochannel interference thre- 
shold, flow proceeds from block 570 to block 580 
where the base site controller Informs the sub- 
scriber station that the call request cannot be 
served. From block 580, flow returns to block 510 
The foregoing sequence illustrated in the flow 
chart of Rg. 5 incorporates a preferred sequence of 
channel availability checking. The base site control- 
ler first checks if the fixed channel is available In the 
particular sector, and if not, proceeds to check if a 
floating channel is available. After the base site 
controller has determined that neither a fixed nor a 
floating channel is available in a particular sector 
only then does the base site controller check for 
channel availability in adjacent sectors. This se- 
quence is important for channel usage efficiency 
Optimally, the fixed channel(s) in each sector is (are) 
utilized before any floating channel is utilized. 

One skilled in the art will recognized that various 
modifications may be made to the above described 
system without departing from the spirit or scope of 
the present invention. 



Claims 

1. A cellular radiotelephone communication 
system, characterized by: 
base site equipment (220, 230 & 240) serving an 
associated cell for communicating with sub- 
scriber units in a plurality of sectorized regions 
(1-6), said sectorized regions composing a 
geographic communication area for said asso- 
ciated cell; and 

means for assigning (230) at least one floating 
communication channel (240) for communica- 
tion between the base site equipment and a 
subscriber unit at at least two of said plurality of 
said sectorized regions. 

2. A cellular radiotelephone communication 
system according to claim 1, characterized by: 
means for providing at least one dedicated 
communication channel (206/208) for com- 
munication between the base site equipment 
and a subscriber unit within each sectorized 
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region. 

3. A cellular radiotelephone communication 
system according to claim 2, characterized by- 
processing means (220) for prioritizing the 
assignment of one of said at least one dedi- 
cated communication channels before one of 
sard at least one floating channels for communi- 
cation in said sectorized regions. 

4. A cellular radiotelephone communication 
system, according to claim 1, further compris- 

control means for intercoupling said base site 
equipment with a telephone central office- 
transmission means for transmitting at least 
one dedicated frequency from the base site 
equipment to a subscriber unit within each 
sectorized region; 

means for providing a floating frequency [240) 
transmittable from said base site equipment* 
switch means (230) for switching said floating 
frequency to said transmission means for 
transmission of said floating frequency in at 
least two of said sectorized regions; 
means, coupled to said base site equipment for 
receiving communication from subscriber units 
on frequencies associated with said at least one 
dedicated frequency and said floating fre- 
quency; 9 

means, coupled to said base site equipment, for 
prioritizing the assignment of one of said at 
teast one dedicated communication channel 
before one of said at least one floating channel 
in a sector; and 

means, responsive to channel requests in said 
sectonzed regions, for assigning said at least 
one dedicated frequency before assigning said 
floating frequency to a subscriber unit. 

5. A cellular radiotelephone communications 
system according to any one of the preceding 
claims, further comprising means (560) for 
assigning a dedicated communication channel 
of a less preferred sectorized region (206 208) 
if the dedicated communication channel of said 
preferred sectorized region (204) and said at 
least one floating communication channel (240) 
are busy. 

6. A cellular radiotelephone system accord- 
ing to claim 5 wherein the less preferred 
sectonzed region (206, 208) is adjacent to the 
dedicated communication channel of said 
preferred sectorized region (204). 

7. A cellular radiotelephone communications 
system according to any one of the preceding 
claims further comprising means for causing 
base site equipment of another cell to assign a 
communication channel for communication with 
the subscriber unit if neither the dedicated 
communication channel of a preferred sec- 
tonzed region nor of a sectorized region 
adjacent thereto, nor said at least one floating 
communication channel is available for com- 
munication. 

8. A cellular radiotelephone communication 
system, according to any one of the preceding 
claims wherein the base site equipment further 65 
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includes an omni-directional antenna for serv- 
ing an associated communication region which 
is also at least part of the geographic communi- 
cation area served by said base site equipment. 

9. A method of assigning communication 
channels tn a cellular radiotelephone communi- 
cation system, characterized by: 
providing, within an associated celt, base site 
equipment (220, 230 & 240) that communicates 
with subscriber units in a plurality of sectorized 
regions (1-5), said sectorized regions compos- 
ing said associated cell; 

providing at least one floating communication 
channel (240) for communication between the 
base site equipment and a subscriber unit that 
is dynamically assignable (230) at a plurality of 

said sectorized regions; 

and 

in response to a communication channel re- 
quest, assigning one of said at least one floatinq 
communication channels in one of said sec- 
torized regions. 

J °lA metnod ^cording to claim 9 comprising 
the further step of; 9 
prioritizing the assignment of one of said at 
least one dedicated communication channel 
before one of said at least one floating channel 
in a sector. y 
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